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Introduction 1 3 8 better competing ability (Kigel et al., 2011; Colautti & Barrett, 2013; Jensen et al., 2013) . Hence, constraining factor, we hypothesized that a faster life cycle (expressed as earlier flowering) will 1 4 2 be advantageous because it will contribute to drought escape (Franks et al., 2007; Franks & 1 4 3 Hoffmann, 2011; Kigel et al., 2011; Kooyers, 2015) . Therefore, aridity, or reduced watering 1 4 4 conditions, will exert negative directional selection on flowering time, regardless of competition. To test these hypotheses, we used plants of annual Brachypodium from populations along the 1 4 6
Israeli aridity gradient and employed a common garden approach, combined with a controlled 1 4 7 watering experiment, to measure phenotypic selection on flowering time. Sites were chosen to represent the full range of the aridity gradient in Israel, from the Hermon 1 5 2
Mountain in the North (mean annual precipitation >1200 mm) to Zenifim Wadi in the South 1 5 3 (mean annual precipitation ~50 mm; Table 1 ; Fig. 1) . Annual Brachypodium plants are highly generations under equal and controlled conditions allows us to discard maternal effects. To specifically test the effect of drought stress, we tested the phenology and fitness of plants 1 7 5 from along the gradient in two contrasting watering regimes. We used four experimental plots in 1 7 6 TAUBG. The plots were covered from the top by 2 x 4 m sheds of transparent plastic panels, in a 1 7 7 way that exposed the plants to all climatic conditions except rain. Light intensity, measured using 1 7 8 a light meter (EXTECH, USA), was measured under each shed at three different points (top May 2017 by a dripper irrigation system, using drippers of 2 l·h -1 placed 30 cm apart. Each shed 1 8 2 was randomly assigned to either of two treatments: two sheds mimicked Mediterranean At each site we planted 618 plants from 20 populations along the gradient, in addition to two 2 0 5
Brachypodium distachyon plants of the model accession genotype Bd21 (Table 1) . Each 2 0 6 maternal family was represented in all plots and sites by one plant. Plants were grown at 20-cm 2 0 7 intervals, in a fully randomized block design in both sites. To initiate germination we watered the experimental plots immediately after sowing, but no 2 0 9 additional watering was applied except natural rain. As in the controlled watering experiment 2 1 0 above, two seeds were sowed in each point, and one of the two seedlings was randomly thinned 2 1 1 one week after germination. A total of 2,472 seeds were sowed in both experimental sites, of 2 1 2 which 1,236 seedlings were left to grow after germination (618 in each site). Flowering time was recorded daily for the controlled watering experiment in TAUBG, 2 1 8 throughout the growing season, between February 27 th and May 28 th 2017. In the two common 2 1 9 garden sites, flowering time was recorded twice a week, between March 4 th and May 28 th 2017. We defined flowering time as the number of days from sowing to first appearance of the awns of 2 2 1 the first spike (inflorescence; see Penner et al., 2019) . (3) stem length, measured for the primary stem from the ground to the bottom of the lowest 2 2 8 spike; (4) number of stems, counted as the number of tillers; (5) aboveground biomass, measured 2 2 9 as the dry weight of the shoot, excluding the roots and spikes (because plants were harvested dry 2 3 0 after senescence, there was no need to dry them); (6) number of nodes on the primary stem; (7) 2 3 1 awn length, measured as the length of the longest awn of the top spike of the primary stem; (8) 2 3 2 lemma length, measured from the base of the lowest seed on the top spike of the primary stem to 2 3 3 the base of the awn of this flower; (9) spike length to the 4th lemma, measured as the length from Fitness was assessed for both survival and reproduction. Survival was defined as the success 2 3 9 of a plant to survive until flowering before senescence. Plants that died before flowering or did 2 4 0 not set flowers until the end of the season were recorded as not-survived. The survival rate per 2 4 1 population was estimated as the fraction of plants that set flowers out of all plants of that 2 4 2 population in the same treatment. Reproductive output was evaluated as the total number of 2 4 3 spikes of a plant. In a preliminary study, we found an average number of 6.5 seeds per spike, Statistical analyses were performed using R (R Development Core Team 2014). The measured 2 5 0 morphological traits are highly correlated in Brachypodium (Penner et al., 2019) . Hence, to 2 5 1 account for these correlations, as well as to avoid bias due to multiple tests, we collapsed all 11 2 5 2 morphological traits measured to a low number of dimensions using principal component inflorescence length, stem length, spike length and number of stems. PC2 accounted for 19.8% watering experiment we used the following statistical model: For the common gardens experiment we used the following model, with competition treatment To assess the effect of shed number on phenotype in the controlled watering experiment we 2 7 4 added shed number as a co-factor in the statistical model. Nonetheless, in the preliminary 2 7 5 analyses this co-factor had no significant effect (P>0.05) in all models and thus was removed 2 7 6 from the analysis. To analyze survival (measured as the proportion of plants), we used a binomial GLM model; to analyze the number of spikes (maternal fitness), which are count data, we used the Poisson 2 7 9 distribution. To evaluate the inclusion of interactions in the statistical models, we compared 2 8 0 models with and without the interaction terms using the Akaike Information Criterion (AIC). Only plants that survived and set flowers were included in this selection analysis. Because sample size in each combination of population, experimental site and treatment was 2 9 1 small, we pooled plants from populations of similar climate in the origin site. In the controlled 2 9 2 watering experiment, we defined the range of 50 to 400 mm as arid climate, and areas with >400 2 9 3 mm as Mediterranean climate. In the common garden experiment, we defined the range of 50 to 2 9 4 400 mm as arid climate, the range of 400 to 800 mm as Mediterranean climate, and areas with 2 9 5 >800 mm as mesic Mediterranean climate. We used GLM for analyses of covariance (ANCOVA) to test whether climatic origin, site and 2 9 7 treatment affected the extent and direction of selection. To achieve this goal, we tested the their interactions in the model. We used the following statistical model for the controlled We used the following statistical model for the common gardens: Because relative fitness is not taken from the normal distribution, we used the natural log 3 0 5 transformation to test for significance. Survival -Despite the differences between treatments in water availability, all plants survived
under both treatments (Table 2) . Thus, there was no point in analyzing the effect of treatment and 3 1 1 aridity on survival. (Table 2 ; detailed results for all populations are presented in the Supporting Information Table   3 1 5 S1). Model selection using AIC revealed that the most informative model included the main (Table 3 ; Fig. 2a ).
2 0
Morphology -Plants in the wet treatment were slightly larger than in the dry treatment without 3 2 1 an apparent effect of aridity (Fig. 2b) . The most informative model included only the main 3 2 2 effects of aridity and watering treatment, without their interaction (Morphology ~Treatment + 3 2 3
Aridity index). The watering treatment had a significant effect on morphology, while aridity did 3 2 4 not ( Table 3 ; Fig. 2b) .
2 5
Fitness -The total number of spikes was higher for plants in the wet treatment compared with 3 2 6 the dry treatment, and in each treatment, the plants from the arid climate had a greater number of 3 2 7 spikes on average (Table 2 ; Fig. 2c) . The most informative model included both main effects and significantly affected fitness, while aridity index and the interaction term did not (Table 3; (Table 2; detailed results for all populations   3  3  5 are presented in the Supporting Information Table S2 ; Fig. 3a) . The most informative model (nested within site) and all interactions, significantly affected survival (Table 3 ; Fig. 3a ). origin of the plants was steeper without competition (Fig. 3b) . The most informative model aridity index did not (Table 3 ; Fig. 3b ).
4 9
Morphology -Plants in both experimental sites were larger (i.e., higher values on the first (Fig. 3c) . The most informative model included all the main effects, with treatment of treatment nested within site, while the interaction between site and aridity index was not 3 5 5 significant (Table 3 ; Fig. 3c ).
5 6
Fitness -The total number of spikes was an order of magnitude larger without competition in 3 5 7 both sites (Table 2) , but did not show a strong association with aridity ( Fig. 3d ; note the as the effect of competition treatment nested within site, while the interaction between site and 3 6 2 aridity index was not significant (fitness was ln-transformed for the significance tests, Table 3 ). The three-way interaction term of site x treatment x aridity index was significant (Table 3; Analysis of covariance revealed no significant interaction of climate origin and treatment with 3 6 8 flowering time in their effect on fitness (Table 4 ). Individual selection gradients for each 3 6 9 combination of climate origin and treatment were not significantly different from zero, except for 3 7 0 plants from the arid climate that experienced reduced water (dry treatment), which had a transformed for the significance tests; Table 5 ; Fig. 4a ). Analyses of covariance revealed a significant effect of flowering time on fitness (that is, 3 7 5 flowering time is under selection overall; Table 4 ). In the Mediterranean site (Tel Hai), regimes under competition and without competition (Table 4) . Indeed, while all plants under this selection was negative (Fig. 4b) . Only the negative directional selection gradients for plants 3 8 0 without competition were significantly different from zero (Table 5) . In the arid site (Be'er Sheva), the climate in the origin site from which plants were collected 3 8 2 (either arid, Mediterranean, or wet Mediterranean) also significantly affected fitness (Table 4) . Nonetheless, none of the interactions were significant (Table 4) , providing no evidence for arid site (Fig. 4c) , but the selection gradient was significant only for plants from the Mediterranean climate in both treatments and for plants from the wet Mediterranean climate 3 8 8 without competition (Table 5 ). In this research, we used an experimental approach to evaluate the relative role of biotic 3 9 1 (competition) and abiotic (aridity) stresses and their synergistic effect on fitness and on a life 3 9 2 history trait (flowering time), in addition to their roles as selection agents that drive local 3 9 3 adaptation. We found that competition interacted with aridity and local adaptation in terms of competition in the arid experimental site (Fig. 3a) . Furthermore, flowering time occurred earlier Mediterranean climates or under high or low watering regimes ( Fig. 2a, 3b) . Interestingly, and this gradual change was steeper without competition (Fig. 3b) . As expected, plants were 4 0 0 larger and had higher reproductive output without stress (biotic or abiotic; Fig. 2b and 2c, Fig. 3c 4 0 1 and 3d). Finally, while no selection on flowering time was observed in the controlled watering 4 0 2 experiment ( Fig. 4a) , in both common gardens (Mediterranean and arid) we found differential direction of selection (Fig. 4b) . This finding suggests that aridity (abiotic) stress is more 4 0 5 important than competition (biotic stress) and that, under drought conditions, plants are more affected by water availability than by the competition with neighboring plants. Rizhsky et al., 2004; Mittler, 2006; Mittler & Blumwald, 2010) . While experimental studies usually test for the effect of a single stress, wild plant populations are usually exposed to a (Table 2 ; Fig. 2a, 3b) . This result supports the 4 2 3 hypothesis of escape strategy and indicates that plants from arid regions are preadapted to local 4 2 4 abiotic stresses, whereas mitigation is achieved through early and rapid life cycle, allowing the 4 2 5 plants to "escape" from the climatically difficult seasons (Ludlow, 1989; Kigel et al., 2011; 4 2 6 Penner et al., 2019). precipitation is likely to significantly decrease while the temperature is expected to increase by 4 3 1 the end of the 21 st century (Ben-Gai et al., 1998; Black, 2009; Black et al., 2010) . Climate Responses of plants to climate changes can be either short-term, such as phenotypic plasticity, or this regard, the potential of a population to adapt to changes in climate will be at least partially (Fig. 2b, 3c) . This result also suggests a plastic response to stress. ( Fig. 3a) . A high survival rate in the controlled watering experiment could result from a relative with high temperatures and biotic (competition) stress may have a synergistic effect on plants 4 5 8 (Black et al., 2010; Ramegowda & Senthil-Kumar, 2015; Rysavy et al., 2016) . Reproductive output, expressed here as the total number of spikes, is a fitness component watering treatment ( Fig. 2c) : in the wet treatment, plants originating from arid regions had higher environments (Kawecki & Ebert, 2004; Dorman et al., 2009 ). We did not observe selection on 4 7 2 flowering time in the controlled watering experiment (Table 4 , Fig. 4a) , while in the common 4 7 3 garden experiments we found directional selection on flowering time (Table 4; were situated in natural conditions, and no artificial intervention was implemented after seed sowing. In the Mediterranean site (Tel Hai), competition treatment was the major stress affecting the direction of selection on flowering time (Fig. 4b) , while in the arid site (Be'er Sheva), aridity 4 8 0 stress was the major stress that eliminated the effect of competition on the selection on flowering 4 8 1 time (Fig. 4c) . Our phenotypic selection results from the common gardens suggest that the local proposed to be lower than in the Mediterranean climate. the precipitation map. We thank K. Gallagher for English editing and insightful comments. We discussions throughout the course of this study. Mediterranean populations of annual plants grown with and without water stress. Journal of Plant Sciences 64(1-2) : 83-92. altitude in m above sea level; Rain -mean annual precipitation; Temp -annual mean temperature; AI -aridity Index (mean annual 6 9 0 precipitation/mean annual temperature); n (Water exp.) -number of individuals in the controlled water experiment in TAUBG, "-" denote 6 9 1 that this population was not represented in this experiment; n (Com. Gar.) -number of individuals in the common garden experiment. on the background of the annual mean precipitation. See Table 1 for detailed information for 
